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Objective: Pulsatile wall motion has been suggested as a means by which to evaluate
abdominal aortic aneurysms after exclusion from the circulation to determine whether
the treatment has been effective. The objective of this study was to investigate the rela-
tions between pulsatile wall motion and both the mean and pulse pressures within the
aneurysmal sac for both patent and thrombosed endoleaks. Furthermore, we compared
the measurements of pulsatile wall motion by means of M-mode ultrasound scanning
and a wall track system to determine the most reliable technique.
Methods: First, interobserver and intraobserver variability of M-mode ultrasound scan
measurements was determined at different pressure levels in a cow iliac artery placed in
an in vitro circulation. M-mode ultrasound scanning and a wall track system were com-
pared in the same model. Second, in an animal experiment, an aneurysm and endoleak
model with both patent and thrombosed endoleaks was created. Systemic and aneurys-
mal mean and pulse pressures were recorded synchronically with pulsatile wall motion
by means of M-mode ultrasound scanning and a wall track system.
Results: The intraobserver and interobserver variability values for M-mode ultrasound
scan measurement in vitro were 0.11 mm (SD = 0.10 mm) and 0.15 mm (SD = 0.13
mm), respectively. In the animal study, a significant difference existed with respect to the
level of pulse pressure within the aneurysmal sac between the group with pulsatile wall
motion and the group without such motion (P < .0001). The presence of pulsatile wall
motion was not correlated with the level of aneurysmal mean pressure. The level of pul-
satile wall motion determined by means of M-mode ultrasound scanning correlated well
with the level determined by means of the wall track system (r = 0.74; P = .01). For the
level of pulsatile wall motion determined by means of M-mode ultrasound scanning, a
significant difference between patent and thrombosed endoleaks existed (P = .04). For
detecting endoleaks, the sensitivity and specificity of pulsatile wall motion as determined
by means of the wall track system were 52% and 100%, respectively, and the sensitivity
and specificity of pulsatile wall motion as determined by means of M-mode ultrasound
scanning were 64% and 67%, respectively. For the detection of pulse pressure in the
aneurysmal sac, the sensitivity and specificity of pulsatile wall motion as determined by
means of the wall track system were 76% and 100%, respectively, and the sensitivity and
specificity of pulsatile wall motion as determined by means of M-mode ultrasound scan-
ning were 90% and 71%, respectively.
Conclusions: We found that pulsatile wall motion is correlated with aneurysmal pulse
pressure but not with the mean level of pressure inside the aneurysm. Although mea-
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Endoleakage is the most commonly reported com-
plication after endovascular repair of abdominal aortic
aneurysms. Meta-analysis of the clinical studies shows
the mean incidence of endoleakage to be 24%.1 The
consequences of endoleaks for aneurysmal diameter
change at follow-up are still not completely clear.
Although rupture of the aneurysm can be accelerated
by the metabolic disorder in the aneurysmal wall,
aneurysm enlargement and rupture are not to be
expected without pressurization of the aneurysmal sac.
Diameter increase and aneurysm rupture have been
reported to be associated with perigraft endoleaks.2-7
The reports on rupture of endovascularly treated
aneurysms without visualized endoleaks before the
time of rupture are of particular concern and definite-
ly demonstrate that endoleakage or endotension is not
always detected in a timely manner.8-10
Reduction of the aneurysmal diameter is proba-
bly the best evidence of successful exclusion of the
aneurysm from the systemic circulation. Unfortu-
nately, this diameter decrease takes 6 to 12 months
to become manifest.11-14 Therefore, it is important
to develop a monitoring technique that can demon-
strate as simply as possible both successful and
unsuccessful exclusion of the aneurysm from the cir-
culation as soon as possible after the operation.
Malina et al15 introduced measurement of the pul-
satile wall movement (PWM) of the aneurysm as a
way of demonstrating successful or unsuccessful
exclusion of an aneurysm treated endovascularly. The
aneurysmal PWM is the movement of the aneurysmal
wall during the heart cycle as visualized by means of
ultrasound scanning. PWM was found to be
decreased postoperatively, and the phenomenon can
occasionally be observed if one palpates an excluded
aneurysm in the patient. The reduction in PWM was
smaller in the presence of an endoleak or with contin-
ued expansion of the aneurysm. These results indicate
that the PWM of the aneurysm may be predictive of
the fate of the endovascularly treated aneurysm.
It seems reasonable to presume that the PWM is
correlated with the level of pulse pressure within the
aneurysm. However, the extent of correlation with
pulse pressure and the relationship between PWM
and mean aneurysmal pressure are as yet unclear.
Furthermore, Malina et al15 performed their
measurements with an electronic echo-tracking
device interfaced with an ultrasound scanning
machine (Diamove, Teltec AB, Lund, Sweden), but
such apparatus is not available in most hospitals. In
contrast, M-mode ultrasound scanning (M-US),
which is available on almost every ultrasound scan-
ning machine, is capable of registering wall motion
during the heart cycle. If this technology could be
used to measure PWM reliably, an effective method
of postoperative follow-up would become widely
available for patients undergoing endovascular graft
treatment of aneurysms.
To evaluate the role of PWM in the follow-up of
endovascularly treated aneurysms, we studied the
relationship between PWM and both pulse pressure
and mean pressure in the aneurysmal sac for both
patent and thrombosed endoleaks. Furthermore, we
compared the results obtained with a wall track sys-
tem (WTS) with those for M-US to assess the qual-
ity of the recording of PWM. An in vitro study was
performed to evaluate the variability of PWM mea-
surements by means of M-US.
MATERIAL AND METHODS
In vitro experiments. Three bovine iliac arteries
with a mean diameter of 12.4 mm (range, 9.6-14.3
mm) at 70 mm Hg were obtained from an abattoir
and preserved in a refrigerator at –80°C. After 1
week, they were placed in an in vitro circulation; the
physiologic parameters were pressure, flow, and flow
velocity. The model that was used consisted of an
artificial heart driven by an artificial pneumatic heart
driver, a tubing system, a peripheral resistance sys-
tem, and a collecting system. The design and para-
meters of this circulation have previously been
described by our group.16
The cross section of each iliac artery was visual-
ized in B-mode. Wall motion was recorded through
use of M-US, a 10-MHz probe being stabilized on
a tripod and a gel being used between the probe and
the arterial wall to prevent compression. Maximal
and minimal distances between the lumen-to-intima
borders of the anterior and posterior walls were
recorded by freehand placement of electronic
calipers at the following systolic/diastolic pressure
levels (in millimeters of mercury): 30/10, 60/20,
90/30, 120/50, 160/70, 190/90, and 210/110
(Fig 1). All measurements were performed twice by
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surements of pulsatile wall motion are of great theoretic value when groups of patients
who have undergone endovascular aneurysm repair are being compared, this method
appears to be unreliable in a clinical setting with respect to determining whether the
aneurysmal sac is still pressurized in individual patients. (J Vasc Surg 2000;32:795-803.)
two observers (N. A. and G. W. S.). Eighty-four
measurements were thus performed, and these could
be evaluated for determining the interobserver and
intraobserver variability of the M-US measurements.
The agreement between PWM values as measured
by means of M-US and PWM values as measured by
means of WTS was also evaluated. In one bovine iliac
artery, a PWM measurement at all indicated sys-
tolic/diastolic pressure levels was performed through
the use of each of the two methods. For this purpose,
a Vadirec WTS (Medical Systems Arnhem,
Oosterbeek, The Netherlands) was interfaced with an
Acuson Aspen Duplex ultrasound scanning machine
(Acuson Corp, Mountain View, Calif). With a 10-
MHz transducer, the reference line for the M-mode
recording was placed in B-mode cross section of the
aneurysm. At the same time, both wall track recording
and M-mode recording of the aneurysmal wall in time
were performed. In the M-mode images, maximal and
minimal diameters were measured as described. Thus,
diastolic and systolic diameters and PWM were record-
ed for a single “heart” cycle. The movement of the
anterior and posterior wall, as well as the PWM for
multiple “heart” cycles, was calculated automatically
by means of the Vadirec WTS after hand placement of
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Fig 1. Results of PWM as measured by means of M-US
and WTS. A, In M-US image, markers have been placed at
anterior and posterior borders for both maximal and mini-
mal vessel distention. B, In WTS recording, movement of
anterior wall (anterior 3_1), movement of posterior wall
(posterior 3_1), and total wall movement (distention 3_1)
are given, as are diameter and distention of vessel during
each heart cycle and average (avg.) and SD (st.d.) values.
A
B
a reference line at the maximal intensity change in the
radio frequency image. This maximal intensity change
represented the border between lumen and the anteri-
or and posterior vessel walls (Fig 1). Images of all three
movements in time were printed, as were the values
(and respective SDs) of the mean diastolic diameter,
mean PWM, and mean proportional wall change dur-
ing the heart cycle. For both M-mode ultrasound
scanning and wall track measurements, the presence or
absence of PWM was scored.
Animal experiments. An endoleak model was
assessed in three pigs with a mean body weight of
67.6 kg (range, 65.6-69.6 kg). After premedication
with Stresnil (Boehringer Ingelheim BV, Alkmaar,
the Netherlands; 2 mg per kilogram of body weight)
and atropine (0.05 mg per kilogram of body
weight), the pigs were anesthetized with intravenous
Nesdonal (Rhône-Poulenc Rorer Nederland BV,
Amstelveen, The Netherlands; 10 mg per kilogram
of body weight), intubated, and ventilated with
NO2 60%/O2 40%/isoflurane 3%. Muscle relaxation
was achieved with 4 to 6 mg of Pavulon (Organon
Nederland BV, Oss, The Netherlands). The experi-
ments were performed according to the rules of the
Animal Experimental Committee of the Leiden
University Medical Center. The animals were killed
immediately after the experiments.
The endoleak model was created by anastomos-
ing a saccular aneurysm to the side branches of the
porcine aorta with 6.0 Prolene running suture
(Ethicon, Shawnee Mission, Kan). Endoleaks of var-
ious diameters and lengths were provided as side
branches of different diameters and lengths were
chosen. The diameter and length of each endoleak
were determined by means of ultrasound scanning.
During the experiment, the patency of each endoleak
was determined by means of duplex ultrasound scan-
ning and color Doppler scan imaging, and the
endoleak was scored as patent (visualization of flow
without thrombus), partially thrombosed (visualiza-
tion of both flow and thrombus), or completely
thrombosed (thrombus in the lumen without flow).
The saccular aneurysm was constructed from a
1.8-cm wide, 10-cm long segment of porcine tho-
racic aorta that was obtained from an abattoir. The
ends of the aortic segment were closed with 6.0
Prolene. The volume of each aneurysm was approx-
imately 10 mL. The ratio of the diameter of this
experimental aneurysm to the diameter of the recip-
ient animal’s infrarenal aorta was approximately 3:1.
This corresponds to a large (5-6 cm) abdominal aor-
tic aneurysm in a patient. During the experiment,
each aneurysm was studied by means of duplex
ultrasound scanning and color Doppler scan imag-
ing and scored according to the scoring system used
for endoleaks, as described. This endoleak model
simulates the situation seen with a type I endoleak,
in which the endoleak channel has a defined diame-
ter and length and can be either free of thrombus or
partially or fully thrombosed. The aneurysmal sac in
this model has no outflow and can be either free of
thrombus or partially or fully thrombosed.
Each of the pigs was placed in the supine position.
A left thoracophrenicolaparotomy was performed to
access the various aortic side branches. The side
branches were divided and anastomosed to the artifi-
cial aneurysms with Prolene 6.0 running suture.
Sixteen aneurysms were evaluated in the three
pigs; the side branches used were the celiac trunk 
(n = 1), the splenic artery (n = 1), the renal artery 
(n = 5), the inferior mesenteric artery (n = 3), the
common iliac artery (n = 5), and the sacral artery 
(n = 1). One aneurysm was anastomosed side-to-
side to the aorta. The internal diameters of the
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Table I. Means and ranges of endoleak and pressure parameters for patent, partially thrombosed, and com-
pletely thrombosed endoleaks
Patency of endoleak: mean (range)
Patent Partially Completely 
(n = 31) thrombosed (n = 5) thrombosed (n = 6) P value*
Endoleak diameter (mm) 3.8 (0-8.7) 4.1 (2-5.6) 3.8 (2-5) .703
Endoleak length (mm) 21.5 (1-41) 18.2 (11.8-24.6) 17.5 (11.8-24.6) .342
Systemic mean pressure (mm Hg) 82 (62-115) 71 (53-78) 65 (43-80) .078
Systemic pulse pressure (mm Hg) 16 (10-25) 19 (15-22) 16 (14-22) .481
Aneurysmal mean pressure (mm Hg) 81 (35-116) 67 (59-78) 40 (2-54) .042
Aneurysmal pulse pressure (mm Hg) 9 (0-30) 2 (0-8) 0 .011
Aneurysmal PWM by WTS (µm) 305 (0-1251) 0 0 .048
Aneurysmal PWM by M-US (µm) 258 (0-1100) 200 (0-800) 33 (0-100) .044
*For differences between patent and thrombosed endoleaks.
endoleaks, as measured by means of ultrasound
scanning, ranged from 1.4 to 8.7 mm (mean, 3.6
mm). The endoleak diameters were chosen in such a
way that the following were within their range: (1)
experimentally established diameters of perigraft
endoleaks due to folding, which can occur when the
stent graft diameter is wider than the vessel diameter
(resulting in a perigraft channel between graft and
vessel wall)17; and (2) diameters of fabric defect
endoleaks used experimentally by others.18 These
endoleaks, as well as endoleaks that were smaller and
larger, could be evaluated. The mean length of the
endoleaks was 20.5 mm (range, 1.0-41.0 mm).
After reestablishment of the circulation to the side
branch, a pressure catheter (MicroTransducer Catheter,
Dräger Medical Electronics, Best, The Netherlands)
was inserted in the aneurysm, and pressure measure-
ments in the sac were performed. Pressure readouts
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Fig 2. Comparison of measurements of PWM by two observers. A, Measurements of observer 1 are
plotted against those of observer 2. B, Bland-Altman plot shows differences between measurements of




were repeated after the aneurysm was partially or fully
thrombosed, which occurred up to 6 hours after
aneurysm insertion. This pressure was compared with
the systemic pressure, which was measured continu-
ously and invasively, a similar pressure catheter having
been inserted through the right carotid artery into the
descending thoracic aorta. The systolic, diastolic, mean,
and pulse pressures were recorded both in the systemic
circulation and in the aneurysmal sac.
Parallel to the pressure measurements, 42 mea-
surements of the aneurysmal PWM were performed
by means of M-US and WTS, as described. Thus,
the comparison of the two methods of measuring
PWM and the relation of PWM to the pressure mea-
surements in the aneurysm could be evaluated.
Statistical analysis. SPSS 8.0 for Windows (SPSS
Inc, Chicago, Ill) was used for statistical calculations.
Variability was expressed in terms of means and SD
and as the coefficient of variation. Bland-Altman plots
were used to illustrate the levels of agreement between
methods and between observers.19 (Such a graph illus-
trates the agreement between two measurements by
plotting the difference of the measurements against
their mean.) A Pearson correlation coefficient was
used to measure the linear association between various
PWM measurements and between pressure and wall
motion. A Wilcoxon signed rank test was used for
showing differences between two groups in paired
samples. A Mann-Whitney test was used for compari-
son of two groups in independent samples. Statistical
significance was defined as a P value of less than .05.
RESULTS
In vitro experiments. PWM as determined by
means of M-US ranged from 0.2 to 2.6 mm. The
analysis of intraobserver variability for M-US was
based on 42 paired measurements of PWM. The mean
difference between the paired PWM measurements
was 0.10 mm (SD = 0.07 mm). The coefficient of vari-
ation was 10.5%. There was no significant difference
between the first and second measurements (P = .7).
The mean interobserver variability for the PWM
as determined by means of M-US was 0.17 mm (SD
= 0.09 mm). The coefficient of variation was 17.6%.
The agreement between the measurements accord-
ing to Bland and Altman is shown in Fig 2.19 The
seven PWM measurements as determined by means
of M-US and the measurements as determined by
means of WTS showed a significant correlation (r =
0.95; P = .001).
Animal experiments. Forty-two measurements
of PWM were performed with M-US and WTS in the
17 aneurysms. At the time of the measurements, 31
endoleaks were patent, 5 were partially thrombosed,
and 6 were completely thrombosed. There was no
significant difference in length and diameter between
the endoleaks that remained patent and those that
thrombosed. Neither the systemic mean pressures
nor the pulse pressures were significantly different
between the two groups of endoleaks (Table I).
There were no significant differences in aneurys-
mal and systemic mean pressures between the
patent, partially thrombosed, and completely throm-
bosed endoleaks (P = .07, P = .35, and P = .08,
respectively). The intra-aneurysmal pulse pressure
was significantly lower than the systemic pulse pres-
sure in all three endoleak groups (P = .02, P = .04,
and P = .03, respectively).
PWM was significantly related to the level of
pulse pressure in the aneurysmal sac as determined
by either WTS or M-US (r = 0.82 and 0.58, respec-
tively; P < .0001 for both). The correlation between
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Table II. Patency of endoleaks and presence or absence of aneurysmal pulse pressure vs presence or
absence of PWM (as determined by means of WTS and M-US)
PWM
WTS (+) WTS (–)
Number M-US (+) M-US (–) M-US (+) M-US (–)
Endoleak
Patent 31 16 0 5 10
Partially thrombosed 6 0 0 2 3
Completely thrombosed 5 0 0 2 4
Total 42 16 0 9 17
Aneurysmal pulse number
Present 21 16 0 3 2
Absent 21 0 0 6 15
Total 42 16 0 9 17
M-US (–), absent by M-US; M-US (+), present by M-US; WTS (–), absent by WTS; WTS (+), present by WTS.
the two levels of measurement was 0.73 (P < .0001),
and there was no systemic difference between the
measurements (mean of the difference, 6 µm; Fig 3).
No aneurysmal PWM was detected by means of
either M-US or WTS in 17 of the 42 measurements.
However, the endoleak channels were patent in 10
of these 17 cases and partially thrombosed in three
cases (Table II). The aneurysmal pulse pressure was
0 mm Hg in 15 of these 17 cases, but importantly,
the aneurysmal mean pressure was not reduced in
comparison with the systemic mean pressure.
Both M-US and WTS detected aneurysmal PWM
in 16 of the 42 cases (Table II). All of these 16
endoleaks were patent. Aneurysmal pulse pressure
varied from 6 to 30 mm Hg (mean, 15 mm Hg).
M-US alone identified aneurysmal PWM in the
remaining nine cases (Table II). In seven of these
nine cases, the endoleak was not thrombosed, and in
three, a pulse pressure (8, 9, and 11 mm Hg) could
be measured within the aneurysmal sac.
The sensitivity and specificity of WTS for detect-
ing patent and partially thrombosed endoleaks were
52% and 100%, respectively; for M-US, these values
were 64% and 67%, respectively. The sensitivity and
specificity for detecting a change in patency status of
the endoleak from patent to thrombosed by a
change in the PWM as determined by means of WTS
were 57% and 50%, respectively; for the M-US, these
values were 67% and 72%, respectively. A significant
proportion of endoleaks remained patent or partial-
ly thrombosed despite a change from presence to
absence of PWM (Table III).
For WTS, the sensitivity and specificity of PWM
for detecting pulse pressure in the aneurysmal sac
were 76% and 100%, respectively. For the M-US,
these values were 90% and 71%, respectively.
DISCUSSION
During the follow-up after the implantation of a
stent graft for an abdominal aortic aneurysm, we
need information about the efficiency of the treat-
ment. Failure to exclude an aneurysm results in an
ongoing risk of rupture. Decrease in the diameter of
the aneurysm after endovascular treatment is the
gold standard of successful exclusion. Results from
the literature and from our own experimental work
indicate that imaging techniques are not sensitive
enough to detect endoleaks.16,20 It is possible that
measurement of PWM is a simple, noninvasive tech-
nique capable of supplying this important informa-
tion, whether or not such endoleaks can be visual-
ized with computed tomography, angiography, or
duplex ultrasound scanning.
One of the main results of this study is that we
showed the presence of PWM to be related to the
pulse pressure within the aneurysmal sac. However,
no relation appeared to exist between the level of the
PWM and the level of mean pressure within the
aneurysmal sac. Not surprisingly, a systemic level of
pressure without pulsatility in the aneurysmal sac
will not generate PWM.
Because the change in the diameter of the
aneurysm after endovascular treatment is the gold
standard of successful exclusion, it is important to
understand the causes of aneurysm growth and to
focus on a parameter that is capable of foreseeing
aneurysm growth. The relation between growth of
the aneurysm and both level of the mean pressure
and pulsatility of the pressure is unclear. It is reason-
able to assume that in the presence of a mean
aneurysmal pressure below the level of the abdomi-
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Fig 3. Bland-Altman plot of means of measurements of
PWM by WTS and M-US against difference between mea-
surements. Reference lines for mean difference, mean minus
twice SD, and mean plus twice SD are given. In each of 17
cases, PWM by means of both WTS and M-US was zero.
Table III. Frequencies of change from presence to
absence of PWM in terms of accompanying change
in patency of endoleak
Change in patency of endoleak WST M-US
Remained patent 4 3
From patent to partially thrombosed 2 2
From patent to thrombosed 1 2
From partially thrombosed to thrombosed 0 1
In 16 aneurysms, PWM measurements did not change during
experiments in nine aneurysms as visualized by means of WTS and
in eight aneurysms as visualized by means of M-US.
nal pressure, diameter enlargement of the aneurys-
mal sac will not occur.
Malina et al15 looked at the reduction of PWM
after stent grafting. They found a significant difference
between a group of patients without endoleaks and a
group of patients with endoleaks. However, the two
groups had a more than 25% overlap. This overlap can
be explained by the existence of patent endoleaks with-
out PWM and thrombosed endoleaks with PWM. In
our study, these endoleak forms were observed in 15
cases, and in 73% of these cases the mean aneurysmal
pressure was greater than 60 mm Hg. Although these
endoleaks could be potentially dangerous, it is hardly
possible to identify them in the clinical setting.
Measurement of wall movement has been devel-
oped as a method of determining the elastic behav-
ior of arteries; it focuses mainly on atherosclerotic
changes. WTSs have been tested and produce repro-
ducible results.21-23 In our study, the results of the
PWM measurements with M-US were not inferior
to the PWM measurements with WTS. In addition,
the reproducibility of the ultrasound scanning mea-
surements in the in vitro study was satisfactory, and
the coefficient of variation was comparable to that
for WTS measurements performed by others.21-23
The ability to perform reliable measurements of
PWM by means of M-US makes this test more prac-
tical for use in follow-up after endovascular treat-
ment of abdominal aortic aneurysms.
In approximately 80% of the paired observations,
the two techniques were in agreement with respect
to the presence or absence of PWM; in the other
20%, M-US detected PWM and WTS did not. The
fact that seven of the nine cases in which M-US
detected PWM and WTS did not have patent or par-
tially thrombosed endoleaks could argue against
false-positive observations. However, the fact that in
six of these nine cases pulsatile pressure in the
aneurysmal sac was absent might suggest false-posi-
tive observations. Because of the absence of a gold
standard for detection of PWM, an artifactual detec-
tion of PWM by means of M-US is not ruled out in
these cases.
For both techniques, the sensitivity and specifici-
ty of a single PWM measurement for the detection
of an endoleak and of a change in the PWM accom-
panying the change from a patent to thrombosed
endoleak were disappointing. These poor results for
sensitivity and specificity can be explained by the fact
that the change in the PWM was most frequently
seen when the endoleak remained patent or when
the patency changed from patent to partially throm-
bosed (Table III). In the clinical situation the results
of imaging of endoleaks could remain unchanged,
whereas the pressure characteristics in the aneurys-
mal sac probably do change. In those circumstances,
the decrease in the aneurysmal PWM might be a
clue for deciding on reduction of the risk of
aneurysm rupture in the presence of an endoleak.
For both techniques, the sensitivity and specifici-
ty of PWM were much better for detecting pulse
pressure in the aneurysmal sac than for detecting an
endoleak. However, the importance of pulse pres-
sure alone as a factor in the etiology of aneurysmal
growth is unclear. In our study, every aneurysmal
pulse pressure greater than 0 mm Hg was accompa-
nied by an aneurysmal mean pressure greater than
60 mm Hg, whereas in the absence of pulse pres-
sure, the mean aneurysmal pressure varied from 2 to
116 mm Hg (mean, 66 mm Hg).
In our model, the influence of the pulsatile
motion of the prosthesis on the PWM measurements
of the aneurysm during the heart cycle was excluded
so that we could focus on the relationships among
endoleak size, PWM, and pressure characteristics. In
the study by Malina et al,15 the theoretically calculat-
ed volume increase of the graft during systole was
responsible for 0.2 to 0.3 mm of the PWM after
endovascular exclusion of an aneurysm 5 cm in diam-
eter.15 This influence on PWM is dependent on graft
type, graft volume, and volume of the aneurysm.
Accordingly, without a preoperative measurement, a
single PWM measurement after treatment of an
aneurysm by a stent graft will not give a reliable clue
as to the presence or absence of an endoleak.
With regard to the use of an animal aorta as an
aneurysm model, it must be noted that there are
important differences between this situation and the
situation in human beings. The aortic wall of the pig
is more elastic than the human aneurysmal wall, so
PWM will be larger than in human beings and the
model will show PWM much more easily than in the
clinical situation. Furthermore, the use of a 10-MHz
probe makes the PWM easier to visualize than it is
with the 3.5-MHz probe used in abdominal ultra-
sound scanning studies in human beings. Both of
these factors facilitated our study of the possible
relation between PWM and pressure characteristics.
In addition, obesity and intestinal gas will make the
measurements more difficult to obtain and less valid
and reproducible, though they will probably influ-
ence M-US and wall track measurements equally.
CONCLUSIONS
We found PWM to be correlated with aneurysmal
pulse pressure but not with the mean level of pressure
inside the aneurysm. The presence of PWM is relat-
ed to a patent endoleak, but combinations of a patent
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endoleak with the absence of PWM and a throm-
bosed endoleak (as visualized by means of ultrasound
scanning and Doppler scanning) with the presence of
PWM also exist. The sensitivity and specificity of
WTS and M-US for detecting endoleaks or for
detecting a change in the patency of an endoleak are
not satisfactory. However, a change in the PWM is
most probably related to a change in pressure char-
acteristics within the aneurysmal sac and might pro-
vide information about a change in the risk of
aneurysm rupture due to the endoleak.
The sensitivity and specificity of PWM for detect-
ing pulse pressure inside the aneurysmal sac are
much better, and PWM can be used to identify these
aneurysms; however, this is only part of the group
with high mean pressure in the aneurysmal sac. So
although it can identify the subgroup of aneurysms
with pulse pressure inside, PWM cannot identify all
of the aneurysms at risk for diameter enlargement
and possible rupture.
M-US appears to be at least as effective as, and is
also more practical than, WTS in the search for PWM
after stent graft therapy for abdominal aortic
aneurysms. Further clinical evaluation in patients is nec-
essary to determine the usefulness of the measurement
of PWM as a method of follow-up in patients treated
with stent grafts for abdominal aortic aneurysms.
We acknowledge the staff of the Animal Experimental
Laboratory of the Leiden University Medical Center for
their cooperation.
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